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Introduction
Thermal radiation is electromagnetic radiation produced by the thermal motion of particles in matter. All matter with a temperature greater than absolute zero emanates thermal radiation. The significance of this is that radiation will be the most effective mechanism for heat transfer whenever a vacuum is present. The rate at which a body radiates or absorbs thermal radiation relies on the nature of the surface as well. According to the statement Kirchhoff's radiation law, "objects that are good emitters are also good absorbers". A blackened surface is an excellent emitter as well as an excellent absorber. A blackbody is an idealized physical body that absorbs all the radiant energy in all frequencies that falls on it.
Sunlight also identified as solar radiation is a type of radiation that acquired from the sun. Sun/solar energy never run out, no burning or motions are required in the energy conservation procedure. Radiation effect has numerous applications in industry, physics and engineering like space technology, gas turbines, polymer processing, nuclear reactors, glass production, satellites and space vehicles. Initially, Pantokratoras [1] examined the consequence of linear and nonlinear Rosseland radiation on laminar natural convection beside a vertical isothermal plate using an innovative radiation parameter entitled as film radiation parameter. Mushtaq et al. [2] performed a heat transfer analysis in view of nonlinear thermal radiation via Rosseland approximation over a stretched surface. Krishnamurthy et al. [3] deliberated the features of linear thermal radiation on Williamson nanofluid model over a stretching sheet with chemical reaction impacts. Cortell [4] executed a numerical process for boundary layer problem in a quiescent fluid over a flat plate in the presence of nonlinear Rosseland thermal radiation. Mabood et al. [5] explored the effects of thermal radiation, variable thermal conductivity and non-uniform heat sources/sink for flow of a micropolar fluid over a stretching sheet embedded in a non-Darcian porous medium. Few modern investigations on radiative flow can be found in Refs. [6, 7, 8] .
Stratification of fluid is composition/deposition of layers that appears due to the existence of dissimilar liquids or variations in temperature and concentration. The influence of stratification is vital in many energy storage systems and heat rejection process. In viable conditions where warmth and mass transfer run in parallel, it winds up essentially to analyse the impact of dual stratification on the nanofluids. Stratified liquids are bountiful in nature, i.e., heat release into the environment, for example, oceans and rivers, storage frameworks for thermal energy such as solar ponds, lakes, exchange of heat from warm sources such as the condensers of synthetic plants, groundwater reservoirs and seas, and various comparative examples.
Several studies under different physical aspects have been reported in this direction. Hayat et al. [9] deliberated the influence of thermal stratification on steady mixed convective flow of Maxwell fluid. Ijaz et al. [10] studied the phenomena of thermal and solutal stratification for ferromagnetic Maxwell nanofluid with non-uniform heat source/sink and viscous dissipation. Ibrahim and Makinde [11] considered the mixed convection flow of nanofluid with dual stratification. Ijaz et al. [12] explored the nonlinearly convective flow of Maxwell nanomaterial in presence of double stratification, non-uniform heat source/sink and activation energy. Hayat et al. [13] analyzed and modeled the duly stratified mixed convective flow of Jeffrey fluid with heat thermal radiation impacts. Srinivasacharya and Surender [14] characterized dual stratification in mixed convection flow of viscous nanoliquid embedded through porous medium. Hayat et al. [15] discussed MHD nanofluid flow with thermal and solutal stratification.
Ferrofluids characterize a special class of magnetizable fluids with fascinating properties fit for significantly impact on technology. Ferrofluid ðFFÞ; is a colloidal suspension of single-domain magnetic particles, with typical dimensions of about 10 nm, dispersed in a liquid carrier. They are frequently used in many industrial application, food preserving, aerodynamics, nuclear power plants, crystal processing, laser, avionics, robotics, cooling agent, semiconductor processing, fiber optics, loudspeakers, refrigeration, filtration, drawing plastic, aerodynamics and computer peripherals etc. Due to these innumerable applications, many researchers and scientists accelerated the study of ferrofluids. Primarily, Anderson and Vanes [16] examined the special effects of magnetic dipole on ferrofluid. Zeeshan et al. [17] investigated the combine effects of radiation and magnetic dipole in flow of viscous ferroliquid. Zubair et al. [18] discussed modified Fourier law in presence of magnetic dipoles for flow problem of ferromagnetic Powell-Eyring fluid. Thermally stratified flow of second grade ferrofluid in view of magnetic dipole and viscous dissipation is discussed by Muhammad et al. [19] . Hayat et al. [20] explored the impacts of thermal radiation and magnetic dipole in flow of ferromagnetic Williamson liquid over a stretched surface. Some significant work related to ferrofluid can be viewed via refs. [21, 22, 23, 24, 25] .
The study of heat and mass transfer with chemical reactions are of great significance in many applications for example drying, polymer production, distribution of temperature and moisture over farming fields and forests of natural product trees, damage of crops due to freezing, evaporation at the surface of a water body and energy transfer in a wet cooling tower and stream in a desert cooler. Chamka et al. [26] deliberated the response of chemical reaction on free convective heat and mass transfer on a stretching sheet embedded in a porous medium. Pal and Mondal [27] inspected the mutual effects of non-uniform heat source/sink and thermal radiation in the presence of suction/injection on unsteady boundary layer flow of an incompressible viscous fluid over a porous vertical plate. The impact of chemical reaction on unsteady flow of a micropolar fluid over a stretching sheet through a non-Darcian porous space was examined by Srinivas et al. [28] . The impacts of magnetic field and chemical reaction for flow of couple stress fluid over a non-linearly stretching sheet are studied by Khan et al. [29] .
In the present study, nonlinear radiative flow of Maxwell ferrofluid under the influence of magnetic dipole is considered over a linearly permeable stretched sheet. The novel binary chemical reaction model is employed with viscous dissipation, nonuniform heat source/sink and dual stratification. Highlights of Brownian movement and thermophoresis are explored within the sight of magnetic dipole. Features of thermal and concentration stratification are additionally examined. Problem is formulated and then solved numerically by built-in bvp4c package which uses the Collocation method [30, 31] . The achieved results are comprehensively discussed through graphs and tables.
Model
Two-dimensional, incompressible flow of ferromagnetic Maxwell fluid [32] with non-uniform heat generation and nonlinear thermal radiation over a permeable elastic sheet in the presence of magnetic dipole is analyzed. The direction of magnetic field is taken in the positive x-direction that develops a magnetic field of ample strength to saturate the ferrofluid. Features of nonlinear thermal radiation, nonuniform heat generation/absorption, Brownian motion, thermophoresis and viscous dissipatin are also accounted for present flow situation. Two equal and opposite forces are applied along the x-axis to produce the stretching velocity of the form U w ð¼ d 2 x 1 Þ , which is directly proportional to the distance from the fixed origin. Further, magnetic dipole of adequate strength is positioned at some distance ðbÞ below the x-axis and centered at y-axis (see Fig. 1 ). Temperature and concentration of ferroliquid at sheet are ðT w Þ and ðC w Þ respectively while relationship T N < T w < T c between ambient and Curie temperature holds. The Cauchy stress tensor for the Maxwell fluid model is presented in Eq. (1). The momentum expression (Eq. (3)) is
The incompressibility constraint (Eq. (4)) and the constitutive law (Eq. (5)) is of the following form
The governing flow expressions for present model after applying above-mentioned expressions in view of boundary layer approximations are Eqs. (6), (7) and (8). 
Here, 3 rd terms on the right-hand side of Eq. (6) The boundary conditions are defined in Eqs. (9) and (10) 
Here, V p indicates the uniform surface mass flux, where V p < 0 corresponds to suction and V p > 0 corresponds to injection. Moreover, (U w Þ signifies for stretching velocity, ðT; CÞ for fluid temperature and solid nanoparticle volume fraction, ðd 2 ; b e 1 ; b e 2 ; b e 3 ; b e 4 Þ for the dimensional constants, ðT o ; C o Þ for reference temperature and concentration, respectively.
Non-uniform heat source/sink Q m [33] is defined in Eq. (11)
Where ð b Instead of the linearized Rosseland approximation, we use nonlinear Rosseland diffusion approximation from which one can attain results for both small and large differences between T w and T N . According to Rosseland approximation for radiation [34, 35, 36] , the radiative heat flux b q r (Eq. (12)) in simplified form is
Where, ðsÞ is the StefaneBoltzmann constant and ð _ kÞ is the mean absorption coefficient.
Expanding T 4 by using the "Taylor series" and avoiding the higher order terms yields (Eq. (13)).
In view of Eqs. (12) and (13), Eq. (7) reduces to Eq. (14)
Magnetic dipole
The features of magnetic field influence the ferrofluid flow due to a magnetic dipole. Such impacts of magnetic dipole is pronounced by a magnetic scalar potential ðU 1 Þ, which is demonstrated as (Eq. (15)).
Here ðg 1 Þ represents strength of magnetic field at the source.
The components of magnetic field ð b H 1 Þ are presented in Eqs. (16) and (17) .
Since the magnetic body force is normally proportional to the gradient of ð b H 1 Þ, Thus we have (Eq. (18))
By introducing Eqs. (16) and (17) in Eq. (18), we arrived at Eqs. (19) and (20), after expanded in powers of x 1 and retained terms up to the order of x
The linear form of magnetization ðM Ã Þ through temperature T can be approximated by Eq. (21) .
Here, b K 1 identifies as pyromagnetic coefficient. The physical schematic of a heated ferrofluid is shown in Fig. (1) . Here the circular lines designate the magnetic field.
We introduce the following dimensionless variables [23] .
Law of conservation of mass (Eq. (4)) is automatically satisfied and flow expressions (Eqs. (6), (7, (8) ) are transformed into Eqs. (23), (24), (25) , (26) , (27) .
The corresponding boundary conditions ðEq: ð28ÞÞ will take the form 
Mathematically, the non-dimensional governing parameters are defined and are listed below
Lewis number
Solutal stratification parameter
Physical quantities of interest, local Nusselt number and Sherwood number are presented mathematically in Eq. (29)
Where, wall heat and mass fluxes are demarcated in Eq. (30)
Eq. (31) is achieved by substituting Eq. (30) into Eq. (29) .
where the local Reynolds number is defined in Eq. (32)
Methodology
The numerical code bvp4c [37] in Matlab is developed which uses a collocation method with fourth order accuracy namely finite difference Lobatto IIIA formula. The nonlinear ordinary differential Eqs. (23), (24), (25), (26), (27) subject to the boundary conditions as mentioned in Eq. (28) are cracked through bvp4c Matlab package to attain the numerical results. The error control and mesh selection is created on the residual of the continuous solution. The relative error tolerance has been set to 10 À6 . The accuracy of our numerical results is declared by comparing them with the analytical results found by the HAM [38] technique for particular cases (see Fig. 21 ). A comparison given in this figure displays an excellent agreement between these results and gives us confidence in our numerical computations.
The main steps of this numerical technique are as follows:
I. Firstly, we convert the boundary value problem into initial value problem through the substitutions Eqs. (33), (34), (35), (36), (37)
The flow Eqs. (23), (24), (25), (26), (27) along with boundary conditions (Eq. (28)) are transformed into Eqs. (38), (39), (40), (41), (42), (43)
with the allied boundary conditions 
Results and discussion
Numerical solutions of resulting nonlinear differential equations ð38 À 42Þ subjected to boundary conditions (Eq. (43) Table 2 provides numerical values of Sherwood number for different physical parameters. This table shows that mass transfer rate increases for higher estimation of 
Conclusions
In this article, the effect of nonlinear thermal radiation on ferromagnetic Maxwell fluid in presence of magnetic dipole is analyzed numerically over a permeable V. Concentration field is quite reverse for g 2 > 0 and g 2 < 0.
VI. An increase in Lewis number ðLe Ã Þ is a source of reduction in the concentration distribution and associated boundary layer thickness. 
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